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(54) Suture-forming tool 



(57) A suture forming toold 2) 
particularly useful in suturing an 
epicardiai pacer electrode (18) to the 
heart through a remote abdominal 
incision. The tool has an elongate body 
(14) and a manually operable plunger 
(20, 22) slidable in the body. The 
electrode is releasably secured to a 
distal end (12/)) of the tool. In afirst 
portion of Its travel, the plunger acts on 



a pair of pusher wires (28) that each 
drive lengths of malleable sutures (30) 
through tubular dies that have curved 
central bores which impart curvatures 
of essentially predetermined radii to the 
sutures as seen at (31 ). As the curved 
sutures are ejected from the dies they 
pass through the adjacent heart tissue 
and form circular loops which securely 
attach the electrode to the heart. In a 
second portion of its travel, the plunger 
detaches the electrode (38) and its lead 
wire (40) from a recess (50) in the tool. 
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SPECIFICATION 

Suture forming tool 

5 This invention relates to suture forming surgical 
apparatus and more particularly to a surgical tool for 
suturing an epicardial pacer electrode to heart tis- 
sue. 

Heretofore, a pacer electrode was attached to a 

1 0 heart by either conventional suture techniques that 
require a thoracotomy to expose the heart or by con- 
structing the electrode to provide its own means of 
attachment and usually directing it to the heart 
through a vein. Both of these approaches, however, 

1 5 have disadvantages. A thoracotomy requires a large 
incision in the chest orthorax and carries with it the 
high risks associated with any such drastic surgery. 

Electrodes with their own means of attachment 
for example the corkscrew-like device described in 

20 U.S. Patent No. 4,000,745, traumatize the heart at the 
point of electrical stimulation. Trauma, in turn, 
causes scartissue to form. Because scar tiissue is a 
poor electrical conduction medium, more current is 
needed to properly stimulate the heart and the cur- 

25 rent requirements may vary with time. U.S. Patent 
No. 4,066,085 to Hess describes a resilient epicardial 
electrode with prong-like attachment hooks separate 
from an electrical stimulating coil. While this device 
minimizes the trauma at the point of electrical 

30 stimulation, it must be inserted directly using 
forceps or the like. This requires drastic surgery to 
provide access for the implantation. U.S. Patent Nos. 
3,754,555; 3,902,501 and 3,814,104 describe known 
pervenous, endocardial electrodes where manipula- 

35 tion of the electrode after It is positioned In the heart 
releases hooks, tines or prongs to secure the elec- 
trode. 

More broadly, various surgical tools have been 
devised to facilitate the suturing of tissue in hard to 

40 reach locations. U.S. Patent No. 1 ,822,330, for exam- 
ple, describes a tool that sutures tissue within the 
oral cavity during a tonsilectomy. The tool is inserted 
through a natural body opening and guided visually. 
Other suturing devices join easily accessible tissue 

45 by means of preformed meta! clips or staples as 
described in U.S. Patent Nos. 715,612; 2,881,762 and 
3,098,232. None of these known suturing devices, 
however, can suture tissue that cannot be reached or 
viewed through a natural body opening or directly 

50 after exposing the tissue through surgery. Also, 
none of these known devices are adapted to support, 
position and suture an electrode on the heart, par- 
ticularly where the suture is a closed loop and is 
removed from the point of electrical stimulation. 

55 This invention provides a surgical tool for forming 
a circular suture within normally Inaccessible tissue 
comprising an elongated body, guide means 
mounted in said body for closely guiding a formable 
suture element through an axial sliding movement 

60 that ejects the suture element from one end of said 
body and including means for deflecting such a 
suture element beyond its elastic limit to impart a 
curvature of a substantially predetermined radius to 
the ejected portion of the suture element, and means 

65 for driving a suture element in said axial sliding 



movement through said guide means and past said 
deflecting means to effect said ejection along a path 
curving at substantially said predetermined radius^ 
the arrangement being such that a length of such 

70 suture element sufficient to form a substantially 
closed-loop suture may be ejected. 

The suture thus formed passes through the heart 
tissue adjacent the electrode and securely holds the 
epicardial pacer electrode in electrical connection 

75 with the heart tissue. 

In a preferred form, a surgical tool in accordance 
with this invention comprises at least one tubular 
guide member mounted in said body, said guide 
member having an inner bore shaped for closely 

80 guiding a suture element through an axial sliding 
movementthat ejects the suture element from one 
end of said body and including means for deflecting 
such a suture element beyond its elastic limit to 
impart a curvature of a substantially predetermined 

85 radius to the ejected portion of the suture element, 
means for driving each such suture element in said 
axial sliding movement through said bore and past 
said deflecting means to effect said ejection along a 
path curving at substantially said predetermined 

90 radius, the arrangement being such that a length of 
such suture element sufficient to form a substan- 
tially closed-loop suture may be ejected, means for 
releasabiy supporting an epicardial pacer electrode 
at said one body end, and means for detaching the 

95 electrode after a suture is fully ejected. 

The distal end of the tool body may have an 
interior recess adapted to receive a resiliently 
deformable plug on the rear face of the electrode. 
When the plug is seated in the recess, the suturing 

100 tool can direct the electrode to an implantation site 
on the heart muscle. The distal end of the body and 
the attached electrode may be slanted with respect 
to the longitudinal axis of the body to facilitate plac- 
ement and implantation of the electrode. The body 

105 may also have a generally low cross-sectional height 
to facilitate its passage under the rib cage of a 
patient 

A slot in the underside of the suturing tool may 
receive and grip an electrical lead from the pacer 

110 electrode to the pacer electronics. This immobilizes 
the lead and prevents it from Interfering with the 
Insertion or implantation procedures. When the 
pacer electrode is properly positioned on the heart, a 
forward movement of the plunger over a first portion 

115 of its travel may eject said two suture elements 
which penetrate the heart tissue to secure the elec- 
trode to the heart. A further forward movement of 
the plunger and an axially si id eable separating rod 
may then push the resilient electrode plug out of the 

120 tool recess to detach the pacer electrode from the 
tool. The forward movement of the separating rod 
may also cam the electrode lead from the slot in the 
underside of the tool. A portion of the slot may be 
formed by a recess in the separating rod and the cam 

125 may bean inclined rear surface of the recess. 

A specific embodiment of this invention will now 
be described by way of example, and not by way of 
limitation, with reference to the^ccompanying draw- 
ings in which:- 

1 30 Fig. 1 is a top plan view of a suturing tool accord- 
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ingtothisinventionadaptedtosecoreanepicardial 

aSco^espondingtoF«.3andshov«ngaslotn 
jSe^ideofthetooJforreleasablysecurmgth^ 

^'?;:6la"tlnsectiontak.na.ongthe.ineWof 

" Ro e is a detail view in section and partially in 
e,S£:f*e^.ectrodeandthea^^^^^^^ 
15 ofthetooltakenalongthelmeMofF^^^^^^^^ 

Fig. 7 is a view in section talcen along the line / / in 

'^Rg.'sisaviewinendelevationcorrespondingto 

Fig.7 of the suturing tool; 9, „ 

20 Fig.9isaviewinsecliontaKenaionBu«» 

^'FigilOisadetanvlewinsideelevationofonedie 

'"SS'tfisatopplanviewoftheelectrode;and 
25 ?g lilsaS^'lnfrontelevationoftheelectrode 

''SreS^^otheaccompanYingdrawingMhe 

s.;js;aringto^^^^^^^ 

attachment point o".*^ V^'*;^^ ^wn handle 

passages 26. 26 ^ ,4^0, the handle 
50 extend*eful l^g*ofJ;e^jy^ 
letothe endface ^^f- '"^y m-y 
less steel hYP0derm.ctubmg1J.jeP^9 

^'^siJSSer^^^^^^ . 

wires 28, 28 ^"ir^ . j^s 28, 28 are relatively 
55 ciiepassages.Ttepushem.re 



determined by the curvature J^^^^*^^^^^^^ 

9fifl The curvature of the ends Zba,^«w'=» 
ends 263,268- inecui^*>i «**Koniunaer drives the 

SlSXTitransmitsthesignalfrornan 

pndfaSS of the tool head 12b.-n>etool 12 is 
;"erSu^e^.notonlyinsu.uHng butaj^^^^^ 

?uidingtheelectrodetothepn,per^^ 
- r^S^nreS^f^S^^ 

Se height (Figs. 5 and9) tosHde "n«»er*e nb «ge. 
tne "f ignu a electrode 18 mounted flush 

.rtY^nt^arttissue at the implantation site. This tilt 
Sto S^arrowed distal end 468 of a central channel 
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adapted to engage the plunger 20. The other end ABb 
is of reduced width and adapted to engage the resi- 
lient protrusion 42 of the electrode when it is seated 
in the recess 44. During the first portion of the travel 

5 of the plunger from the fully retracted position, it 
acts through the extensions 24, 24 and the pusher 
wires 28, 28 to drive and eject the circular sutures. At 
the end of the second portion of the travel the rod 
pushes the protrusion 42 out of the recess 44 and 

10 thereby detaches the electrode 18 from the tool 12. 
The last portion of the travel also connpletes the ejec- 
tion of the sutures. The initial position of the rod 48 is 
shown In solid lines in Fig. 3 and the full forward 
position is shown in phantom. 

1 5 With reference to Figs. 2-4, the rod 48 also oper- 
ates to detach the lead 40 which is held in part in a 
slot 50 defined by an opening 52 in the bottom wall 
of the body 14 and a recess 54 formed In the rod 46. 
When the plunger is fully retracted, the recess 54 

20 overlies the slot 52. They together receive a portion 
40a (Figs. 2 and 5) of the lead. The side walls 52a, 52a 
of the opening 52 are upwardly narrowing to prom- 
ote the insertion of the lead into the slot but block its 
movement out of the slot once It is fully Inserted as is 

25 best seen in Fig. 5. This immobilizes the lead during 
insertion and minimizes the likelihood that it will 
interfere with the insertion or suturing operations. 
When the suturing is completed, the forward sliding 
movement of the rod 48 causes a sloped cam surface 

30 56 at the rear of the recess 54 to engage the lead and 
drh/e it out of the slot 50. The lead is thus released 
from the tool just before the electrode is detached. 

To prepare the suturing tool 1 2 for operation, the 
plunger 20 is removed and the suture elements 30, 

35 30 are each inserted into one of the die passages 26, 
26 through the handle recess 22. Next, the pusher 
wires 28, 28 are inserted into the passages 26, 26 in 
the same manner. The separating rod 48 is inserted 
into the channel 46 with the recess 54 aligned with 

40 the slot 52 in the tool body. The plunger 20 is 

replaced in the recess 22. Finally, the pacer electrode 
is fixed on the head 126 and the lead portion 40a is 
jammed into the slot 50. The tool is then ready for 
use. 

45 Using a small Incision below the rib cage, the tool 
canying the electrode is inserted into the body and 
guides the electrode to the heart by mediastinos- 
copy. When the electrode is in the proper location, 
the plunger is pushed forward. The first portion of its 

50 travel ejects and forms the suture elements 30, 30 
into closed-loop circular sutures that permanently 
attach the electrode to the heart In the last portion of 
its travel, the separating rod ejects the electrode and 
its leads from the suturing tool. The tool is then 

55 withdrawn, leaving the pacer electrode attached to 
the heart Priorto actually applying the electrode to 
the heart, the tool with the probe can be utilized for 
exploring or mapping the heart with regard to sen- 
sitivity. This is advantageous as compared with 

60 mapping initially with a separate probe because of 
the difficulty of returning exactly to the same spot 
with a separate electrode. 

There has been described a surgical tool that 
sutures an epicardial pacer electrode to the heart 

65 without the need of directly exposing the heart by a 



thoracotomy which is a substantially more hazard- 
ous procedure than a small incision below the rib 
cage. Also, the tool sutures the pacer electrode to the 
heart with the sutures spaced from the point of elec- 

70 trical contact with hearttissueto minimize trauma. 
The tool is of simple and inexpensive construction. 

Although the suture forming tool disclosed herein 
has particular utility in attaching an epicardial pacer 
electrode to the heart, it should be understood that 

75 the tool may be advantageously applied to other 
medical prgcedures since the tool allows the fomna- 
tion of closed loop sutures at remote locations 
within the body. A tissue tear may be repaired, for 
example, without the necessity of fully exposing the 

80 site as would be required with conventional suturing 
techniques. Also, while a tool has been described for 
forming a pair of sutures. It can readily be adapted to 
form only one or more than two sutures. 
CLAIMS 

85 1. Asurgical tool forforming a circular suture 
within normally Inaccessible tissue comprising an 
elongated body, guide means mounted in said body 
for closely guiding a formable suture element 
through an axial sliding movement that ejects the 

90 suture element from one end of said body and incl- 
uding means for deflecting such a suture element 
beyond its elastic limit to impart a curvature of a 
substantially predetermined radius to the ejected 
portion of the suture element, and means for driving 

95 a suture element in said axial sliding movement 
through said guide means and past said deflecting 
means to effect said ejection along a path curving at 
substantially said predetermined radius, the arrang- 
ement being such that a length of such suture ele- 
100 ment sufficient to form a substantially closed-loop 
suture may be ejected. 

2. A surgical tool according to claim 1 wherein 
said driving means includes plunger means axially 
slldable within said body and means for operatively 

105 connecting said plunger and a suture element 

3. A surgical tool according to claim 2 wherein 
said connecting means comprises a pusher wire car- 
ried in said guide means to extend between said 
plunger means and a suture element 

110 4. A surgical tool according to any preceding 
claim wherein said deflecting means comprises a 
curved end portion of said guide means to be dis- 
posed adjacent said tissue. 
5. A surgical tool for forming a circular suture to 

115 secure an epicardial pacer electrodie to a heart, com- 
prising an elongated body, at least one tubular guide 
member mounted in said body, said guide member 
having an inner bore shaped for closely guiding a 
suture element through an axial sliding movement 

120 that ejects the suture element from one end of said 
body and including means for deflecting such a 
suture element beyond its elastic limit to impart a 
curvature of a substantially predetermined radius to 
the ejected portion of the suture element, means for 

125 driving each such suture element in said axial sliding 
movement through said bore and past said deflect- 
ing means to effect said ejection along a path curv- 
ing at substantially said predetermined radius, the 
arrangement being such that a length of such suture 

130 elementsufficientto form asubstantially closed- 
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loop suture may be ejected, means for releasably 
supporting an epicardial P^cer el^ctrode at sajd^^ 
body end, and means for detaching the electrode 
after a suture is fully ejected. c«..,»hor 

6 A surgical tool according to claim 5 further 
comprising means for releasably holdingaporto^^ 
of an electrical lead of an epicardialpaceretertrode 
supported at said one body end of the tool that is 
spaced from the electrode. 

7 Asurgical tool according to claim 6 wherein 
said detaching meansincludes means for releasing a 
lead held by said holding means. 

8 Asurgical tool according to claim 5.6 or 7 

wherein said deflecting means coinprises a cuived 
15 section of said tubular guide member disposed at 

said one body end. . u-.^.:™ 

9 Asurgical tool according to claim 7 wherein 
said driving means includes plunger means axially 
slldablewithlnaaidbody and means for operatwely 

20 connecting said plunger and a suture element 
20 9 . Jtoo, according to claim 9 wherein 

said connecting means includes a pusher wire car- 
ried in said guide member to extend between said 
plunger means and a suture element 
11 Asurgical tool according to claim 9 wherem 

said electrode support means comprises a recess 
olSSdonTbodyendand adapted toe^^^^^^ 
a resilient connecting member of an epicardial pacer 

°' ^"'Jsurgical tool aocordingto claim 11 wherein 
said 'detaching means includes a member axiaOy 
slidable ineaid body to be operawely connected 
Ltweensaidplungermeansandaresilientconnect- 

ing means of an epicardial pacer electrode. 

W Asurgicaltoolaocordingtoclaim 12wherein 
saldplungermeansisoperativelyconnectibletoa 
sStorelmentthroughoutsaid^cialshdingandis 
operativelyconnectibletosaid slidable member dur- 

Inq a final portion of said sUdmg. 

14 Asurgicaltoolaccordingtoclaiml2wherem 

said iead holding means comprises an opening 
formed in said body andarecessformedinsaid 

slidable member and aligned with said opening 
when said plunger is in a retracted position. 

15 Tsurgi.il tool according toclaim 14 wherein 
said recess has a cam surface adapted to dnve an 
eSSacerlead from said recessand said open- 
S^^ensaidslidablememberslidestowardsaid 

°T6'°?surgicaltoolforformingapairofci«:ular 
sutures to secure an epicardial pacer electrode with 
aScaMead to a heartWiththesutores spa^ 
from the point of electrical connectonbetween the 

electrodeand the heart, compnsing 
an elongated body, 
a pair of formable suture elements, 
aDairoftubularguidemembersmountedinsad 

bod? nS extending generally along thelong^^^^^^^ 
axis of said body,saidguidemembers each havmg 

60 aJ inner bore shaped for closely guiding one of said 
""s^iielementstLughanaxial sliding mo^^^^^^^ 
J,at ejects said one suture element from one end of 
body and each including a cujved section dis^ 
^datsaldonebodyendfordefle<^r>g^^one 

65 suture element beyond its elastic limrt to impart a 
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curvature of a substantially predetermined radious 
to the ejected portion of said one suture element. 

plungermeansaxiallyslidablewrthmsa.d body 
fordrivlngsaid pairof suture elementsinsaid axial 
70 slidingmovementthrough said bores and a past 
said curved section to affect said eiechon along a 
path curving at substantially said P«detefrnined 
radius, the length of each of said suture elemente 

being sufficient to fomi a substanttally closed-loop 
75 suturewhen fully ejected, „,^„Hhot 
a pair of pusher wires operatively connected bet- 
weensaid plunger means and said pairof suture 

"reanTforrepIaceablysupportingsaidelectrodeat 

80 said one body end, •ju-,k,,nrfnnora- 
a member axiallyslidable in said body and opera- 
tively connected between said plunger means and 
said supporting means, said member being struc- 
SJedtodetachsaidelecttodeassaidsutureisfully 

^'^miforreplaceablyholdingaportionofsaid 

lead that is spaced from said electrode and 
means for releasing said lead. 
17 A surgical tool for forming a circular aiture 
90 within normally inaccessible tissue substantially as 
hereinbefore described with reference to, and as 
shown in,the accompanying drawings. 
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